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TIGHT DIABETES CONTROL IS ASSOCIATED WITH LOWER RISK OF 
POSTOPERATIVE INFECTIONS. Annika S. Dronge (Sponsored by Ronnie A. 
Rosenthal, MD) Department of Surgery, Yale University School of Medicine, New 
Haven, CT. 
Tight postoperative glucose control is associated with decreased mortality and morbidity, 
including infections. This study will investigate whether long term preoperative glycemic 
control, as indicated by Hemoglobin Ale (HgbAlc) <7%, decreases the risk of postoperative 
infections. A retrospective observational study of the West Haven Department of Veterans 
Affairs National Surgical Quality Improvement Program (NSQIP) dataset from 1/1/2000- 
9/30/2003, was conducted to include all diabetic patients who underwent major surgery, 
excluding cardiac surgery, and those who had a HgbAlc level within 180 days prior to surgery. 
Patient's age, race, diabetic therapy, American Society of Anesthesiologists (ASA) class, 
Activities of Daily Living (ADL), case urgency, wound classification, and operative length were 
recorded. Infectious complication included wound infection (superficial or deep), urinary tract 
infection, pneumonia and sepsis. Baseline and outcome variables were collected and reviewed 
from the NSQIP and the inpatient treatment files. The primary analysis examined the association 
of preoperative HgbAlc levels with infectious postoperative complications. Adjustment was 
made for all other factors using logistic regression. During the time period from 1/1/00 to 
9/30/03, there were a total of 490 diabetic patients undergoing major surgery with a reported 
HgbAlc. In bivariate analysis, age, ASA classification, ADL, operative urgency, wound class, 
operative length, and HgbAlc were significantly associated with postoperative infections. In 
multivariable analysis, HgbAlC >7% was associated with a significantly higher rate of infections 
(O.R. 2.133, C/I 1.229-3.703, p<0.0071.) Long term glucose control, as indicated by a 
preoperative HgbAlc level less than 7%, prior to surgery, is associated with a reduced rate of 
postoperative infectious complications in a diverse group of surgical patients. 
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Introduction 
For diabetic patients, it is well known that tight glucose control delays the onset 
and slows the progression of long term diabetic complications, such as retinopathy, 
neuropathy, and nephropathy. In a landmark study, the Diabetes Control and 
Complications Research Group proved that intensively monitored insulin therapy, via a 
pump, when compared to conventional therapy consisting of one or two daily insulin 
injections over a 6.5 year period, reduced the risk of retinopathy by as much as 76% in 
type 1 diabetic patients (1). Intensive therapy also reduced the risk of albuminuria by 
56% and the risk of micoralbuminuria by 43% in diabetic patients, as well as reducing the 
risk of neuropathy by 69% when compared to conventional insulin treatment. Similar 
results were found in the United Kindom Prospective Diabetes Study Group for patients 
with type 2 diabetes (2). 
Monitoring the degree of glucose control by measuring the percent of 
glycosylated hemoglobin (HgbAlc) in the blood is a recognized standard of care for 
diabetic patients. The percentage of HgbAlc is an estimation of a patient’s glycemic 
control over the past two to three months, and can therefore provide information 
regarding long-term glycemic control. Table 1 displays the relationship between HgbAlc 
percentage and mean plasma glucose levels. 
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Mean Plasma Glucose Mean Plasma Glucose 
Hgb Alc% mg/dl mmol/1 
6 135 7.5 
7 170 9.5 
8 205 11.5 
9 240 13.5 
10 275 15.5 
11 310 17.5 
12 345 19.5 
Table 1. Correlation between HgbAlc level and mean plasma 
glucose levels (3). 
For surgical patients, it has been shown that acute postoperative complications 
such as infections, correlate directly with elevated postoperative blood glucose levels (1), 
(4), (5), (6), (7). Tight control of glucose levels in the postoperative period has recently 
been shown to decrease postoperative complications and mortality in both diabetic and 
nondiabetic patients. In a randomized trial of tight glucose control (BG 80-110 mg/dl) 
compared to standard control (BG <200mg/dl ) for intensive care unit patients. Van den 
Berghe et al. demonstrated that strict postoperative blood glucose control not only 
significantly reduces morbidity, but also reduces mortality by as much as 42% (8). This 
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standard for tight postoperative glucose control is being widely adopted throughout the 
country and the world. 
In general, diabetic patients are at higher risk for surgical complications, 
particularly when considering that long-term complications of diabetes (microvascular, 
macrovascular, and neuropathic), may potentiate operative risk (9). Given the strong data 
demonstrating that long term glucose control improves chronic complications in diabetic 
patients and that short term glucose control improves acute complications in the 
postoperative period for all patients, it seems possible that tightly controlling diabetes 
prior to surgery could help to decrease postoperative complications, as well. 
To date, the literature exploring the question of whether well-controlled diabetic 
patients have better surgical outcomes is limited and conflicting. In 1992, Bishop et al. 
reported that there was a definite relationship between long term glucose control and 
infection rate in patients receiving penile prostheses (10). These authors demonstrated 
that surgical site infections occurred in 31% of diabetic patients with a HgbAlc level 
greater than 11.5% compared to 5% of diabetic patients with a HgbAlc less than 11.5%. 
Bishop et al. therefore recommended denying operation on the basis of their definition of 
poor diabetes control, a HgbAlc > 11.5%. This finding was widely adopted and 
according to this research group, “used as the ‘standard of care' in several legal cases.” 
In 1998, Wilson et al. conducted a 2-year prospective study including 389 patients, which 
demonstrated inconclusively that HgbAlc values were not associated with infection risk 
among patients receiving penile prostheses (11). This group had a similar overall 
infection rate postoperatively as Bishop et al., but did not reach statistical significance in 
their results. However, Wilson’s finding was further substantiated by Latham et al., who 
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demonstrated no statistically significant correlation between HgbAlc > 7.0% and 
increased surgical site infections in 1000 patients undergoing cardiac surgery (6). These 
studies addressed very specific and limited patient populations. No study has yet looked 
at the impact of preoperative diabetes control on a broad range of surgical patients. 
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THESIS HYPOTHESIS 
We hypothesize that well controlled diabetic patients have fewer complications 
due to infection following surgery than poorly controlled diabetics. The aim of the study 
is to determine if there is an association between tight preoperative glucose control, as 
indicated by a HgbAlc level < 7mg%, and a decrease in postoperative infections in a 
group of diverse surgical patients. 
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METHODS 
This study was approved by the Human Investigations Committee of VA 
Connecticut Healthcare system. 
Study Design 
This study was a retrospective study on data collected prospectively from the 
National Surgical Quality Improvement Program at the West Haven Veterans Affairs 
Hospital. A dedicated clinical nurse reviewer prospectively collects preoperative, intra¬ 
operative, and 30-day outcome information on all major operations. Major operations 
include those performed under general, spinal, or epidural anesthesia, as well as carotid 
endarterectomies and inguinal herniorrhaphies regardless of type of anesthesia. Data are 
collected in this manner at each VA surgical center in the United States, and are sent to 
the VA Cooperative Studies Program Coordinating Center in Hines, Illinois for entry and 
analysis. The NSQIP database was used during a consecutive period of 45 months, from 
1/1/00 to 9/30/03 for this study. Patient records were also reviewed to verify information 
available in this database. 
Study Population 
All diabetic adults undergoing major surgery at the West Haven V.A. Hospital, 
from 1/1/00 to 9/30/03, with HgbAlc levels recorded within 180 days of surgery, were 
eligible for enrollment in the study. Cardiac cases were excluded from the NSQIP, and 
so were excluded from this study. Only the first case for patients undergoing multiple 
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surgeries was included for each patient (Figure 1). Patients who were considered to be 
septic preoperatively were also excluded from the study. 
Data Collection 
Demographic and clinical information were obtained through use of the National 
Surgical Quality Improvement Program and patient records. Age was measured in years, 
rounded to the nearest year. Race, as defined per the NSQIP database was defined as 
black or several other categories of Caucasian. Because of the small numbers in most 
categories, patients were grouped as Black or other. Diabetic status was defined as 
requiring insulin or oral agents. Wound classifications were defined by the primary 
surgeon to be clean, clean/contaminated, contaminated, or infected. ASA classification 
of a patient’s physical condition was defined on a scale of 1-5, as based upon the 
definitions from the American Society of Anesthesiology. ADL, or activities of daily 
living, were defined as independent or partially dependent and totally dependent. 
Operating room time was measured in minutes, beginning with the first skin incision and 
ending with the time that skin closure was completed. Hemoglobin Ale was measured in 
percentage, as recorded from patient records. 
Data were recorded as continuous variables for age in years, and operative time in 
minutes. Dichotomous variables were race as black or other, ASA as 1-3 or 4-5, ADL as 
independent or non-independent (partial and total dependence), case status as elective or 
urgent/emergent, wound class as either clean or non-clean, diabetic therapy as oral or 
insulin, and HgbAlc as <7% or >7%. We also measured age and operative time as 
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dichotomous variables defined by the median, 71 years for age and 115 minutes for 
operating time. 
Outcome measures 
The primary outcomes were reported infection from pneumonia, wound infection, 
urinary tract infection or sepsis. Urinary tract infection is defined as per the Center for 
Disease Control (CDC), based on a combination of symptoms, such as urgency, 
frequency, dysuria, and a urine culture greater than 10A5 colonies/ml with no greater than 
two species of organisms. Wound infections are included as either superficial or deep, 
again defined per the CDC, as occurring at the site of incision within thirty days after 
surgery with purulent drainage. Pneumonia is also defined per the CDC, as inflammation 
of the lungs, based on physical exam criteria and an organism isolate, and/or radiographic 
evidence. Pneumonia is included as an outcome only if the patient is not reported to have 
pneumonia preoperatively. Finally, sepsis is considered a clinical diagnosis, 
characterized by fever and elevated white blood cell count, sometimes accompanied by 
hypotension, shock, and/or bacteremia, as well as necessitating treatment with broad- 
spectrum antibiotics. 
Statistical Analysis 
Data collected from the NSQIP database was tabulated. Bivariate analysis was 
used first to determine the association of each independent variable (age, race, diabetic 
treatment, ASA, ADL, case status, wound class, operative length and HgbAlc) with 
infectious outcome. Multivariable logistic regression model was then constructed using 
the factors that were significant at the p<0.05 level in the bivariate analysis. Odds ratios 
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were calculated with their corresponding confidence intervals and p values using the 
statistical analysis program, SAS. In this model, age and operative length were used as 
continuous variables. 
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RESULTS 
Demographic and Clinical Characteristics 
648 diabetic patients underwent major surgery during the study period. Of these 
patients, 588 had a recorded HgbAlc, and 509 of these patients were within the allotted 
timeframe of 180 days for inclusion. An additional 5 cases were excluded because they 
were related to cardiac surgery. In addition, 14 patients who had sepsis prior to surgery 
were also excluded. In total, 490 patients were ultimately included in the statistical 
analysis (Table 2). 
The patients were predominately male. Median age for the study patients was 71 
years. The majority of patients (87.8%) were considered not to be black, as per the 
NSQIP definition of race. 82.2% of the study patients fell into an ASA class of 1-3, 
and approximately the same number were considered to be functionally independent. 
Most cases were performed under an elective basis (78%), and lasted for a median time 
of 115 minutes. Wound sites were determined to be clean in 55.7% of the cases. Oral 
treatment was the main form of diabetic therapy for most patients (59%), as opposed to 
insulin via injection for 41% of the patients. The range of recorded HgbAlc was 4.6%- 
15.5%, with a median level of 7.3%. 
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Characteristic N % 
HgbAlc (in %) 
median 7.3 - 
range 4.6-15.5 - 
Age (in years) 
median. 71.3 - 
range. 38-87 - 
Race 
Black 60 12.24% 
Other 430 87.76% 
Case Status 
Elective 382 77.96% 
Urgent/Emergent 108 22.04% 
Diabetic Therapy 
Oral treatment 289 58.98% 
Insulin 201 41.02% 
ASA class 
1 - 3 404 82.24% 
4-5 86 17.76% 
ADL class 
Independent 401 81.84% 
Non-independent 89 18.16% 
Wound Classification 
Clean 273 55.71% 
Non-clean 217 44.29% 
Operative Length (in min.) 
median 115 - 
range 5-625 
- 
Table 2. Clinical and demographic data. 
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Surgical Cases 
There were 11 different categories for types of surgery that were performed on 
study patients (Table 3), including urological, gastrointestinal/hepatobiliary, vascular, 
orthopedic, amputation, hernia repair, thoracic, soft tissue, neurosurgery, otolaryngology, 
or other. The 490 cases ranged from 21% urological cases to 12.9% orthopedic cases to 
1% of cases that were recognized as otolaryngology cases. Only 0.8% of cases did not 
fall into any specific category. 
Type of Surgery n % 
Urological 103 21.0 
Gastrointestinal/ 
Hepatobiliary 
83 16.9 
Vascular 77 15.7 
Orthopedic 63 12.9 
Amputation 52 10.6 
Hernia 35 7.1 
Thoracic 30 6.1 
Soft Tissue 21 4.3 
Neurosurgery 17 3.5 
Otolaryngology 5 1.0 
Other 4 0.8 
Total 490 - 
Table 3. Type of Surgery. 
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Observed Postoperative Infection Rate 
Infection rates were noted for each preoperative variable (Table 4). Each 
category could be subdivided into two groups. For example, age 71 years or older was 
the older group of patients in the category of age, versus the younger group in this 
category, which was below 71 years. A higher age, 71 years or older, showed a 
postoperative infectious complication rate of 20.48%, versus the lower age group, which 
showed an infection rate of 11.68%. Race showed a complication rate of 23.33% in 
patients defined as black per the NSQIP database versus 16.05% for non-black patients. 
Patients with ASA classes 4-5 had a complication rate of 32.56%, and those that were 
classified as ASA 1-3 had a 13.61% complication rate. Patients who were considered 
non-independent had a complication rate of 30.34% and those that were independent had 
a 13.97% complication rate. Cases that were urgent or emergent had a complication rate 
of 24.07%, versus elective cases, which had a 14.4% complication rate. Cases that were 
non-clean in the category of wound class had a 20.74% complication rate, compared to 
clean cases, which had a 13.92% infection rate. Patients who were treating their diabetes 
with insulin had a complication rate of 18.91%, compared to those who were on oral 
medication with a 15.57% complication rate. Patients with HgbAlc greater than 7% had 
a 20.48% complication rate, compared 11.68% of those who had a HgbAlc less than 7%. 
All rates of complication were higher in the subgroup that was deemed more at-risk for 
each preoperative variable. 
’ 
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Variable n Infection Rate 
Hemoglobin 
<7% 197 11.68% 
>7% 293 20.48% 
Age 
<71 years 228 11.84% 
>71 years 262 21.37% 
Race 
Black 60 23.33% 
Non-Black 430 16.05% 
Case Status 
Elective 382 14.4% 
Urgent/Emergent 
Diabetes Rx 
108 24.07% 
Oral 289 15.57% 
Insulin 201 18.91% 
ASA class 
1/2/3 404 13.61% 
4/5 86 32.56% 
ADL class 
Independent 401 13.97% 
Non-indep 89 30.34% 
Wound Class 
Clean 273 13.92% 
Non-clean 217 20.74% 
Op Length 
< 115 min. 240 15% 
>115 min. 250 18.8% 
Total 490 16.94% 
Table 4. Preoperative variables and postoperative infectious complication 
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Postoperative Infectious Complication and Logistic Regression Modeling 
Bivariate analysis of each variable is shown in the column labeled “unadjusted” in 
Table 5. Age per year, ASA class, ADL status, urgency of case, operation length per 
minute, wound class, and HgbAlc level all reached statistical significance. In 
multivariable analysis, race and type of diabetic therapy did not retain statistical 
significance. However, age in years, ASA class, wound class, operative length in 
minutes and HgbAlc maintained quantitative impact and statistical significance in 
context of all other variables. These results are shown in the column labeled “adjusted” 
in Table 5. 
Age proved to have an adjusted odds ratio of 1.032 with a p value of 0.0278. This 
meant that there was a 3.2% risk of postoperative complication for each year above 71 
years of age. ASA class (3-4) had an adjusted odds ratio of 1.866, with a statistically 
significant p value of 0.0428. Operation length was also statistically significant with an 
adjusted odds ratio of 1.004 (per minute), or 0.4% increase per minute of length, with a p 
value of 0.0002. Wound class was statistically significant, with an adjusted odds ratio of 
1.801 for every case that was deemed non-clean, with a p value of 0.0285. A HgbAlc 
value of 7% or greater had an adjusted odds ratio of 2.133, with a p value of 0.0071. 
Neither race nor type of diabetic therapy, oral medication or injected insulin, was 
statistically significant. A non-independent ADL status, though significant in the 
bivariate analysis, had a p value of 0.06 in the multivariable analysis. Urgency of the 
case was also significant in the bivariate analysis, but did not ultimately prove 
statistically significant in the multivariable analysis. 
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It must be cautioned that the odds ratios generated by these analyses cannot be 
interpreted as relative risks, due to the frequency of the outcome (16.93%). Nonetheless, 
the relative impact of the corresponding factors is evident. 
Factors Unadjusted 
Odds 
Ratio 
95% 
Confidence 
Interval 
P 
Value 
Adjusted 
Odds 
Ratio 
95% 
Confidence 
Interval 
P 
Value 
Age 1.036 1.008-1.064 0.0103 1.032 1.003-1.062 0.0278 
Race 1.592 0.830-3.054 0.1616 
ASA 
Class 
3.063 1.797-5.221 0.0001 1.866 1.020-3.413 0.0428 
ADL 2.683 1.575-4.571 0.0003 1.832 0.975-3.442 0.0600 
Urgency 
Status 
2.114 1.26-3.545 0.0046 1.779 0.992-3.192 0.0532 
Operation 
Length 
1.003 1.001-1.005 0.003 1.004 1.002-1.007 0.0002 
Wound 
Class 
1.618 1.007-2.6 0.0468 1.801 1.064-3.050 0.0285 
Diabetic 
Therapy 
1.264 0.786-2.033 0.3337 
HgbAlc 1.948 .159-3.274 0.018 2.133 1.229-3.703 0.0071 
Table 5. Logistic Regression analysis of preoperative variables. 
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DISCUSSION 
The goal of this study was to use a large, prospective clinical database to 
determine whether tight preoperative glucose control, as measured by HgbAlc < 7%, is 
associated with fewer postoperative complications from infections in a diverse surgical 
setting. To date, there are only three papers in the literature that directly address the 
question of preoperative diabetes control and surgical outcome. Two of these papers, one 
by Bishop et al. and one by Wilson et al., discuss surgical infections in patients receiving 
penile prosthesis (10), (11). Latham et al. studied patients undergoing cardiac surgery 
(6). 
This study used NSQIP data available at the West Haven V.A. Hospital to show 
the association of HgbAlc and post-operative infections. Data available from this 
database allowed us to adjust for several, although not all other factors that have been 
shown to be associated with increased infections in many other settings. In our study, 
postoperative infections are associated with 5 of the 9 preoperative variables that 
available to be examined. These variables were age, ASA class, wound class, operative 
length, and HgbAlc. 
In the multivariable analysis, age was significantly associated with increased 
postoperative infections, both as a continuous variable with an increase of infections of 
3% per year of life, and as a dichotomous variable, as either older or younger than 71 
years of age. Age has been thought to be associated with postoperative infection, but has 
only been shown to be an independent factor in a limited number of prior studies. 
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ASA classification was clearly shown to be associated with postoperative 
mortality in previous NSQIP studies, second only to albumin in predicting postoperative 
morbidity and mortality (12). Our study showed this to be true according to our 
multivariable analysis, as this is an overall indicator of preoperative health. It was 
somewhat surprising that the ADL value did not seem to be an important factor, as it is 
often related to age and ASA. However, there were only a small number of patients who 
were considered non-independent (18.16% of the study population), and the bivariate 
analysis pointed to a poorer ADL as another important factor when considering predictors 
of postoperative complication. This could be due to lack of accessibility to healthcare in 
general, and may overlap with issues such as overall hygiene and nutrition. 
We selected to analyze patients who were not septic preoperatively in order to 
assess the development of an infection in the postoperative setting. The urgency under 
which the cases were performed (elective versus urgent or emergent), did not contribute 
to post-surgical infectious outcomes in the multivariable analysis, although it was 
significant when considered alone. Again, this may be due to the small number of cases 
considered urgent or emergent (22.04%). The bivariate analysis did indicate an 
association between urgency status and postoperative infection, which may indicate the 
baseline health of the patient was compromised in urgent and emergent cases. Wound 
class, as determined by the primary surgeon during the case, was a significant factor in 
predicting postoperative infection, as would be expected. Operative time is also 
associated with infections in our study, as has been reported (13). 
Race and type of diabetic therapy are two factors that were definitively shown 
not to have an impact on post-surgical complication. Race, though a controversial topic. 
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and perhaps poorly defined for the purposes of this study, deserves to be further 
investigated in terms of postoperative infection. Interestingly, the mode of therapy for 
diabetes did not significantly affect the rate of postoperative infections. It did not matter 
whether a patient was taking oral therapy or insulin in terms of postoperative infection. 
This finding indicates that the main issue for preventing postoperative infections in a 
diabetic patient is how well their glucose levels are controlled rather than the means by 
which they control their glucose. 
The question as to why preoperative glycemic control is associated with 
postoperative infections most likely is related to the well-known relationship between 
hyperglycemia and increased susceptibility to infection (14). Poor glycemic control, as 
indicated by a patient with a hemoglobin Ale level > 7%, generally indicates an 
estimated plasma glucose equivalent of approximately 170 mg/dl over the past 2-3 
months, the half-life of an erythrocyte (3). Surgical patients, with postoperative 
hyperglycemia, are particularly susceptible to infection, with a reported threefold 
increased risk of wound infection and fivefold increased risk of sepsis compared to 
euglycemic patients (14). Our study supports these findings, as we reported an almost 
twofold increase of postoperative infections in preoperative hyperglycemic patients. 
According to Gore et al., a major component of the hypermetabolic stress 
response, such as to surgery, is hyperglycemia (15). This can be attributed to increased 
hepatic gluconeogenesis and insulin resistance, thought to allow for increased glucose 
availability for glucose-dependent tissues. Van den Berghe et al. clearly showed a 
relationship between postoperative glucose control and infectious complication, but did 
not explore whether or not preoperative glucose control, a modifiable potential risk 
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factor, is associated with infectious complication (8). Bishop and Wilson had a much 
higher threshold for preoperative hyperglycemia than our study utilized, with a definition 
of hyperglycemia as hemoglobin Ale of > 11.5%, compared to our definition of 
hyperglycemia of > 7% (10), (11). 
Golden et al. describe the association of diabetes and increased risk of infection 
on microvascular and macrovascular level (4). They suggest that the increase in vascular 
disease among diabetics contributes to poor host immunity by disrupting nutrient and 
oxygen delivery to tissues (16). Peripheral neuropathy can develop as a result, allowing 
for undetected breaks in the skin barrier, and an entry pathway for bacteria (17). Also, 
they suggest an indirect relationship between diabetes and increased rate of urinary tract 
infection, due to increased post-void residual volumes in diabetics. On a microvascular 
level, high levels of blood glucose can lead to edema and increased vascular 
permeability, as well as altering the redox state of the cell so as to mimic the effect of 
hypoxia (18). This type of environment is suitable for bacterial growth, particularly at 
extreme levels of hyperglycemia, when glucose binds to protein C3, inhibiting the 
complement cascade and impairing opsonization (19). Patients are then more prone to 
infection by such organisms as Candida albicans (20). 
Most studies examining the infections associated with hyperglycemia focus on its 
effect upon neutrophil function. It has been shown that abnormalities in neutrophil 
dysfunction may contribute to increased infection among diabetics, due to impairment of 
mechanisms such as chemotaxis, phagocytosis, and intracellular bactericidal activity (21), 
(22), (20). The degree to which neutrophils are impaired is proportional to the degree of 
hyperglycemia, according to Rassias et al (23). This group compared diabetic patients 
' 
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receiving intensive therapy versus conventional therapy following coronary bypass. 
They found that phagocytosis activity was decreased by 54% in the conventional therapy 
group, compared to a decrease of only 25% in the intensive therapy group. 
Other important consequences of hyperglycemia that may contribute to 
compromised overall health, and perhaps infection, include the immediate sequelae of 
uncontrolled diabetes, such as diabetic ketoacidosis in type 1 diabetes, and nonketotic 
hyperosmolar hyperglycemia in type 2 diabetes (14). Complications of diabetes such as 
these can lead to electrolyte imbalances and dehydration, which can be devastating to the 
diabetic patient who is already at risk for a worsened outcome following myocardial 
infarction (24). One of the suggested mechanisms of the detrimental effect of 
hyperglycemia implicated in cerebral ischemia is a loss of endothelium-dependent 
relaxation, increased formation of oxygen radicals, and eventual neuronal loss (25). 
Other potential mechanisms responsible for infection in hyperglycemic patients are 
possible, and may require further consideration. 
Previously reported median thresholds for glucose control in the short-term 
centered around 200 mg/dl for optimal neutrophil function (26). According to Preiser et 
al., the short-term dysfunction of neutrophils is reversible with glycemic control and 
tightened insulin therapy (27). Of important note, acute episodes of postoperative 
hyperglycemia are now being managed more stringently across the country, and it is our 
goal that these same patients will benefit from tighter preoperative glucose control to 
avoid infectious postoperative complications, as reported in this study. 
Limitations of this study may be attributed to several factors. Although the 
NSQIP is a prospectively collected database, it perhaps does not retain the rigor of a truly 
, 
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randomized prospective study, in that we examined the data retrospectively. We 
examined 11 surgical specialties to obtain our results, which may not be applicable to all 
surgical specialties. It would be worth investigating whether our findings pertain to each 
specialty individually, in order to have more precise clinical meaning. The patient 
population, by nature of the patients at a V.A. hospital, is predominantly male. It is 
worth considering that preoperative glucose control and that post-surgical complications 
may be different in women than in men, as Reinecke and his group suggest from longer 
hospital stays and in-hospital mortality in women compared to men (28). Also, diabetic 
patients who are controlled by diet alone were not included in this study, due to 
limitations of the NSQ1P database. Thus, the diabetic patients who were included may 
suffer from more chronic complications, as indicated by their need for medical therapy to 
control their glucose levels, in comparison to those who control their glucose by diet 
alone. Therefore, the diabetic patients who we examined may be more prone to post- 
surgical complication than diabetic patients regardless of the means by which they 
control their diabetes. This study was conducted with patients from a single site. 
Therefore, while the findings are applicable to the West Haven V.A. population, it is not 
certain if these results will pertain to all diabetics throughout the country. Finally, two 
important and well-known factors that contribute to post-operative complications that we 
were unable to examine were nutritional status and smoking history. We hope to look at 
these factors in the future. 
In conclusion, this study confirmed an association between tight preoperative 
glucose control as indicated by a HgbAlc < 7%, and the development of an infection as a 
postoperative complication. We also confirmed the well-established associations 
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between several other variables known to increase complications and adjusted for them. 
These include age, ASA, non-clean wound class, and length of surgical procedure. If the 
association we identified is confirmed in other studies, HgbAlc levels may provide a 
guideline for patient selection in certain elective procedures. These levels may also 
identify which diabetic patients are at highest risk for postoperative complications in 
more urgent circumstances. This would allow the surgeon to design the operative 
intervention in a way that might limit the influence of other variables also known to be 
associated with an increased rate of infection. 
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MAJOR OR CASES 
NSQIP cases 
Non-Cardiac cases 
1st case for each 
admission 
Diabetic 
Patient 
Complications and 
non-complications 
Hgb Ale available 
Preoperative Hgb Ale 
Hgb Ale available < 
180 days of surgery 
Figure 1. Flowchart of Inclusion Criteria for Study Patients 
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